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Dynamic Simulation of Oil Pump Chain Using Link-by-link Method
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Simulation technology for predicting load on the oil
pump chain of engines with high accuracy was established.
In the development of this technology, attention was
focused on the ability to take into consideration the
centrifugal and inertial forces that occur in the chain, and
the ability to predict the chain load from the blade
tensioner, which undergoes large transversal vibration, to
the system, which uses a hydraulic tensioner. To this end,
a link-by-link model in which one link is replaced by one
mass and adjacent masses are joined to each other by a
spring was developed. As a result of this research, the
features of the oil pump chain system were clarified, and
the behavior of the oil pump chain, as well as the load on
it, were able to be predicted with a high degree of
accuracy.
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Fig. 2 Chain system with blade tensioner

Fig. 3 Blade tensioner

Table 1 General specifications of verified engine

Liquid-cooled 4-cylindert]

Engine type turbocharged engine

Displacement 2300 cm?®
Camshaft number 2
Intake: 200
Number of valves Exhaust 2
Valve system VTEC

Maximum torque 353 Nm /4500 rpm

179 kW / 6000 rpm
6.35-mm pitchO

silent chain with[J
blade tensioner

Maximum power

Balancer drive system
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Fig. 4 Ling-by-link model
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Fig. 5 Blade tensioner model
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Fig. 6 Static load test of blade tensioner

200
Measured
150 — Simulation |
z
2 100
(=]
-
50
0 I I I N
—6 -5 -4 -3 -2 -1 0

Displacement [mm]

Fig. 7 Static stiffness of blade tensioner



gbobooooobooboboboooooobooobobobooobooo

F,=MX+CX+KX+PS+F, +cx+kc+f, (1)

Ps=mx + cX + kx (2)
NS Ae Lt

X TSV EN

M IV YyvERE

C 7o vVvy, RT—tEme=

K @ XA ATV THINE

P ! mIEEEN

S TS UYNZEHEM

F, i ALY AT VTl

X S UVU—=TIN T EN

c VUVU=INVT, TIUY v ETERE
k T DY=T)N)UT R 7%

f, TVU—=TIVT ATV VT PAE

s I UVU—T N VT Z IR

(R RVES VAV AV :§:-

7z, VU=V T EEIGO RGN (3) Z v
TEMT 5.

&o Q)z (3)

AP =S50 (Gar

Ap © ESHER
CHRRRE

DR

i
NV — NERE
VT T b

— o o0 v

COXHER LT TV, AR C B AR T
A b 729 URSEOMGEZ B 275> T3 ),

Check valvelH™

Fig. 8 Hydraulic tensioner model
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Fig. 9 Step response of chain system
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Fig. 16 Simulated chain behavior at 2000 rpm with elongated chain and blade tensioner
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Fig. 19 Simulated chain behavior at 2000 rpm with elongated chain and hydraulic tensioner
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